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Abstract
We consider the phenomenology of new neutral gauge bosons with flavour non-
diagonal couplings to fermions, inherent in 6D models explaining successfully the
hierarchy of masses as well as the mixing for quarks, charged leptons and neutrinos
(this model can in particular be credited with the correct prediction of the neu-
trino mixing angle θ13). We present a general relation between masses of new gauge
bosons and their couplings to fermions. We show that in the current realization of
the model, the new heavy bosons are unreachable at LHC but argue why the con-
straint could be relaxed in the context of a different realization. In view of a more
systematic study, we use an effective model inspired by the above to relate directly
rare meson decays to possible LHC observations. In terms of effective Lagrangians,
this can be seen as the introduction in the model of only one overall scaling param-
eter to extend our approach without modifying the 4D (gauge) structure.
1 Introduction
Models that reach beyond the Standard Model (SM) usually introduce new particles,
among them neutral gauge bosons. Canonically, neutral gauge bosons tend to be flavour-
diagonal through a generalization of the Glashow-Iliopoulos-Ma¨ıani mechanism. An ex-
ception arises when family symmetries are involved. Groups involving ”horizontal sym-
metries” are an obvious example, but we have shown [1] that a similar (although usually
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less dramatic) situation obtains in models with extra dimensions (ED), when the fam-
ily replication itself is associated with the extra spatial dimensions [2, 3]. In particular,
the lowest mode of the ”Kaluza-Klein” tower remains flavour-diagonal (at least to an
excellent approximation), but higher excitations can show either a departure from the
Cabibbo-Kobayashi-Maskawa unitarity, or an outright violation of flavour conservation in
neutral currents. In a six-dimensional (6D) model we have studied, some of the excita-
tions effectively carry ”family number” and mediate flavour changing (but approximately
family-conserving) neutral transitions. These higher modes could become detectable in
precision low energy processes [1, 4, 5] or even at colliders like the LHC [6].
Of course, different models give various spectra of particles with their own features
each. Here, we would like to come back on a model we developed during the last decade
and which proved fruitful to explain masses and mixing of both charged and neutral
fermions [7, 8, 9, 10] (in particular, we made predictions for the neutrino sector [9, 10,
11], relating Majorana character to large mixing and inverted hierarchy, and successfully
predicting – in tempore non suspecto – the last mixing angle θ13). In this model, we add
to our usual four-dimensional (4D) world, two ED with a Nielsen-Olesen vortex structure
on it. Quite generally in this background, we can get n localized (chiral) fermionic zero
modes from a single spinor in 6D [2, 3, 12, 13]; these zero modes (choosing the vortex
winding number n = 3) then play the role of the different generations of SM quarks and
leptons.
However, the requirement of both a normalizable zero mode for gauge bosons and of
charge universality tends to restrict the arbitrariness of geometry in ED. In our recent
review ([14] and references therein), two archetypal approaches were studied: either we can
work in a compact space (with the sphere as the typical prototype) or in a warped space a`
la Randall-Sundrum1. There, we also argue that both solutions should give a reasonably
similar phenomenology and so we will stick here with the first one that we have already
carefully analysed (see [7] for a complete review). Up to now, this analysis was restricted
to its simplest form — i.e. the spherical compactification — which unfortunately, as we
will show, offers a poor framework for LHC phenomenology. It would be desirable to go
beyond and explore more complex geometries. For the time being, we take an effective
approach, where these possible extensions are parametrized in term of a single new overall
scaling factor (in which we suppose are embedded the details of the geometry) or, and
this is closer to our current approach, are directly studied in the context of 4D low-energy
phenomenological models patterned after the 6D original one.
In section 2, we will remind the basics of our model in the gauge sector. Section 3
deals in some more detail with mixing effects. We discuss in section 4 the phenomenology
1In this case, the prototype is a warped plane whose geometry is stabilized by the vortex structure.
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(at LHC) and conclude in section 5.
The present work differs in significant points from the work of [6]. Notably, the effects
of flavour mixing were not included in the previous work. Instead of considering Z ′ and
γ′ modes, we argue here that the W ′3 and B modes, summed incoherently, should be used.
2 Gauge bosons sector
In the kind of models we deal with, each mode (field excitation) is associated with a
wave function in the ED. For normalizable modes, we can always integrate over the ED
variables, what leaves us with an effective 4D theory (compactification procedure) where
the different modes interact among themselves. Separation of variables in ED allows to
decompose wave functions as a product of a radial part and an angular one2. The angular
part is a typical Fourier expansion eiνϕ where ν is called the ”winding” number. Then,
the integration over the radial component controls the strength of the interaction through
the overlaps of wavefunctions (see below), while the one over angular component gives an
obvious selection rule which forbids interaction with nonzero total winding3.
Our low-energy fermions have localized radial wave functions and winding numbers of
successive generations differing by one unit. On the other hand, gauge-boson wave func-
tions are usual spherical harmonics propagating all over the ED. They are characterized
by the couples (ℓ,m; 0 ≤ ℓ, |m| ≤ ℓ). For a given ℓ there are (2ℓ+1) 4D modes with mass√
ℓ(ℓ+ 1)/R (R is the sphere radius). Thus, the mode ℓ = 0 plays the role of the usual
SM boson.
Now let us quickly come back on the resulting 4D interactions between SM fermions
and (neutral) bosons modes. As established in previous papers4, for any neutral (6D)
gauge fieldWA which interacts with the fermions, we get the following effective Lagrangian
at 4D level5:
L4D ⊃
∑
ℓ
∑
m,n
|n−m|≤ℓ
Eℓ,|n−m|mn U
∗
mjUnk
(
ψ¯jγ
µQψk
)
ω
(∗)
µ;ℓ,|n−m| (1)
where E
ℓ,|n−m|
mn are the results of the overlaps (see below). For ℓ = 0, we have E0,0nn = 1
(normalization) which permits to identify Q with SM charges. U is the unitary mixing
matrix. While it disappears properly for ℓ = 0 (thanks to perfect unitarity), this is no
2On the sphere the colatitude θ plays the role of the radial variable.
3This can be interpreted as the angular momentum conservation in the ED; these selection rules are
however violated when dealing with family mixing.
4For the details of the calculations of the effective SM Lagrangian see, e.g.,[1], properties of the
Brout-Englert-Higgs boson are discussed in [7, 15].
5Note that family mixing through the matrices U breaks the conservation of winding number, as a
fermion mass eigenstate is now a mixing of wave functions with different winding.
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more the case for higher ℓ’s. Thus, in our model, it makes sense to talk about mixing in
up quarks and down quarks separately, for instance. ω
(∗)
µ are the 4D fields for each mode
(Z ′-like bosons for ℓ 6= 0). When n −m 6= 0 these are complex fields. In our notations,
for n−m > 0 we have to use ωµ, so it destroys a mode with winding |n −m|, while for
n−m < 0 we have to use ω∗µ, so it creates a mode with winding |m− n|.
We remember the big point of our model: even without mixing (U = 1) we have Z ′-like
bosons6 that mediate flavour changing processes. Nevertheless, in this first approximation
(no mixing) only processes with ∆G = 0 (where G is some kind of family number) are
allowed. In fact, in this approximation, the transition d + s → Z ′ → e− + µ+ is flavour-
changing (and family number conserving), but the corresponding d + s → Z ′ → d + s is
purely flavour-conserving (and does not contribute thus to K0 − K0 mixing). We have
already extensively commented on the role of the mixing in [1]. Here we will rather come
back on the overlaps and their link to the geometry but below we will give an example of
the treatment of mixing in a concrete application.
In [1] overlaps E
ℓ,|n−m|
mn have been estimated for fermions sufficiently localized (θf . 1,
where Rθf is a measure of the fermionic extension in ED). The results were:
Eℓ,|n−m|mn ∼


√
ℓ(ℓθf)
|m−n| at ℓθf ≪ 1,
1√
θf
at ℓθf ≃ 1.
(2)
Note that for ℓθf ≫ 1 (higher modes), the fast oscillations in the region of significant
overlap with the fermions quickly cut-off the integral. In the following we will neglect
these modes. We emphasize the continuity between the regimes ℓθf ≪ 1 and ℓθf ≃ 1.
It is also worth noting that the strongest couplings between fermions and massive gauge
modes are for those with ℓ ∼ 1/θf (what is obvious in terms of overlap). This is a quite
general feature, already mentionned in [1], but on which we have not insisted in [14]. For
this reason, rare decays (like K0L decay) tend to bound directly the Kaluza-Klein scale
(the mass of the first excitation) of the bosons (the size R of the sphere) rather than some
combination of the mass and the overlap. Of course, the higher modes are suppressed by
large Z ′ masses, but this is insufficient to compensate for the large overlaps and number
of possible exchanges. Indeed, in K0L decay, if we allow for all modes to be exchanged
(at least until the natural cut-off provided by fast oscillations) in the process, this gives
for the decay amplitude (up to standard numerical factors) M∼ R2 ∼ 1/M2Z′ (where we
have defined MZ′ as the mass of the first massive excitation ℓ = 1)
7.
6We use generically Z ′ for any uncoloured neutral gauge boson; it could stand for W ′3, B
′, ...
7Note that the same order of magnitude is obtained either if we sum over all modes starting with
ℓ = 1 to ℓ = ℓmax ∼ 1/θf or if we consider all the contributions of the same size as the dominant one
(ℓ = ℓmax) – the saddle-point approximation.
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With the prospect of looking into more phenomenological models (see below), it is still
interesting to consider the couplings of the lower modes, where we observe an interesting
fact:
E
ℓ,|n−m|
mn
M
|n−m|
Z′
∼ l|n−m|+1/2(Rθf )|n−m| ∼ Cℓ,|n−m|,f (3)
The last result means that these ratios are some constant depending only on the mode
and not on physical mass (which is a function of R). This is due to the fact that the
physical size of the fermion (Rθf ) is fixed once and for all by the coupling to the vortex
that has nothing to do with the present discussion. In particular Eℓ,1/MZ′ = const and
Eℓ,0 = const.
This is phenomenologically very interesting, because we get a relation between the
mass of new Z ′ bosons and their couplings with fermions. In particular, a flavour changing
Z ′ current will couple with a strength proportional to its mass.
To summarize this section, we have considered here in addition to the ”canonical”
case where the vortex and the fermions take a large fraction of the sphere, the situation
where our fermions are concentrated on a very central region of the vortex. Imagine for
instance that the region occupied by the 4D fermions is, say, 1/100th of the sphere; we
have seen that in this case, the coupling of the lowest-lying flavour-changing gauge bosons
is suppressed by a corresponding factor ≃ 1/100 (see Eq. (2) with ℓ = 1). However, in the
same situation, the mode ℓ = 100 would have full unsuppressed (and large, E ∼ 10; see
Eq. (2)) coupling to the fermions, and corresponding transitions would only be suppressed
by its mass. In practice, this shows that, if the full Kaluza-Klein tower is allowed to
contribute, the fraction of the sphere occupied by the fermions does not impact the limits
obtained from rare (K or other meson) decays on the Kaluza-Klein mass 1/R.
Typically, this leads to a Z ′ of mass ∼= 71 TeV, out of reach of current or planned
colliders. We will however pursue in section 3 the discussion of flavour-changing Z ′ con-
tributions, both for its theoretical interest, and in preparation for section 4 where we
will relax some of the constraints, leading to accesible Z ′ and study possible LHC phe-
nomenology.
3 Mixing effects
As we see from the previous section, we have a model which predicts Z ′-like bosons,
some of which mediate peculiar flavour changing processes. Moreover, we predict the
relation between their masses and couplings to fermions. If we take the model at face
value (accepting the high cut-off mentioned before), constraints from meson decays make
it untestable by current (and probably even future) colliders. We reach indeed a lower
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bound of 1/R & 50 TeV, translated into
MZ′ & 71TeV (4)
This bound was already mentioned in [7] where fermions are sufficiently wide such that
the dominant contribution in KL decay (Br(KL → µ+e−) ≤ 4.7 · 10−12 [16]) comes from
the lower modes (see [14]). We have now seen in section 2 that modifying the localization
of the fermions (for instance, tightly around the origin) does not modify this limit: while
the lower modes contributions are indeed suppressed, significant contributions to the rare
K decays are instead dominated by the high ℓ modes.
Despite this, we pursue with the estimation of the respective ”diagonal” and ”off-
diagonal” Z ′ contributions to flavour-changing processes in a collider context, as these
will remain valid in the extended models considered in section 4.
What we are mainly interested in are production of m = 1 bosons whose typical
signature would be a lepton-antilepton pair (eµ) or (µτ) with large and opposite transverse
momenta. This is very similar to Drell-Yan pair production for which a typical feature is
the suppression of the cross section with increasing of the resonance mass at a fixed center-
of-mass energy. Note also that, since we are dealing here with proton-proton collisions,
we expect a dominance of (e−µ+) and (µ−τ+) over (e+µ−) and (µ+τ−). Indeed the former
processes can use valence quarks (u and d) in the proton, while the latter involve only
partons from the sea.
However, we must be careful for it could be that, because of mixing, a ”diagonal” Z ′
(i.e. a mode with m = 0) would produce the same signature that a true ”flavoured” Z ′
(m = 1 mode) or even dominate it (actually we have seen that while couplings with m = 1
modes scale with the mass, couplings with m = 0 modes stay approximately constant so
the question is nontrivial).
Let us analyse the (e−µ+) production. When the mixing is taken into account, the
interactions with ℓ = 1 bosons are (see Eq. (1)):
L ⊃ {(E1,112 U∗11U22 + E1,123 U∗21U32) ωα;1,1
+ (E1,011 U
∗
11U12 + E
1,0
22 U
∗
21U22 + E
1,0
33 U
∗
31U32) ωα;1,0
+ (E1,121 U
∗
21U12 + E
1,1
32 U
∗
31U22) ωα;1,−1
}
(e¯γαQµ) (5)
In absence of mixing, only the interaction with m = 1 mode survives. Others are thus
suppressed by the mixing. As an important example, we have compared pp → µ+e−
cross-sections for of a m = 1 and for a m = 0 boson exchanged in (thought-experiment)
machines with center-of-mass energy
√
s > MZ′ = 71 TeV. Indeed, a m = 0 mode can
be produced by (uu¯) or (dd¯) in the protons which are more abundant than (uc¯) and (ds¯)
and constitutes then the only other contribution that could be relevant for this issue. We
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have obtained (details about the calculations can be found in Section 4):
σpp→ω0→µ+e−
σpp→ω1→µ+e−
∼ 10−3 − 10−2 (6)
Nevertheless, interaction withm = 0 mode could potentially be dangerous yet when we
scaleMZ′ below 71 TeV since we have just seen that E
1,0 factors should stay approximately
constant. Fortunately an additional suppression is hidden in the coupling. Indeed, E1,0ii
factors result from the overlap of fermions and gauge wave functions, the latter being
∼ Y10 ∼ P 01 ∼
θ∼0
cos θ. This means that for sufficiently narrow fermionic profiles, it can
be replaced by a constant in the integral. Therefore E1,0ii ∼ ”fermion normalization” and
then E1,011 ≃ E1,022 ≃ E1,033 . In this limit, the total coupling to m = 0 boson can be rewritten
≃ E1,011 (U †U)12 ≃ 0, the last equality resulting from unitarity of U . So ”quasi-unitarity”
tends to suppress the coupling to m = 0 boson and as we will see, it compensates for the
invariance of individual E1,0 factors when theory is scaled to lower MZ′ masses.
4 Phenomenology at LHC
As seen before, simply trading the localization of the fermions on the sphere for a tighter
one does not help (in our particular case) in lowering the limit on the Kaluza-Klein mass.
We now depart from the canonical model (but will keep intact the structure of the 4D
effective Lagrangian).
We have considered two ways in which we can envisage such departure.
• We can consider the 4D Lagrangian in a strict ”cut-off” limit, placing an arbitrary
cut-off (this is needed anyway since the 6D theory is not renormalizable). If we
choose the cut-off to be just above the first Kaluza-Klein excitation ℓ = 1, and in
the same time keep the fermions thightly localized around the origin, the constraints
from rare K decays are considerably lowered to MZ′ ≥ (Eˆ1,1/Eˆ1,1old) · 71TeV where
”old” designates the ancient value used in the case of wide fermionic profiles (see
[7]) and the hat ”ˆ” is to keep in mind that this actually is a combination of such
”flavoured” overlap factors that appears because the individual ones generally are
different for distinct fermions species and/or chiralities.
Nevertheless, we remind from (2) that E1,1 ∼ θf , the portion of the sphere occupied
by the fermions. We can now indeed lower the bound (4) by localizing the fermions
on a tighter region and thus reach any MZ′ below 71 TeV. Remember that (see
equations (2) and (3)), keeping everything else unchanged, this will corresponds to
a scaling E1,1old → E1,1 = κE1,1old with κ ∝ MZ′. Then, to saturate the bound, it
suffices to choose:
κ =
MZ′
71TeV
(7)
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• Alternatively, we can keep in mind that we have only explored a limited set of
geometries in 6-D, and consider that more general cases could lead to different
value of the overlaps between Z ′ and fermions. While keeping the model intact,
we introduce a parameter κ to explore this overlap suppression. This will of course
lower the bound in the same way: MZ′ ≥ κ · 71TeV and it suffices again to choose
κ as (7) to saturate it.
In both approaches, we keep a highly constrained Lagrangian, inherited from the mass
generation mechanism, and introduce an extra parameter to take into account either or
ignorance of 6D structure, or simply to account for the fact that the 4D theory is only an
effective one, requiring an explicit cut-off8.
As such, this effective model (or, in current parlance a ”simplified model”) allows to
compare the constraints from precision measurements (Kaon decays) to the reach of LHC
for flavour-changing but (nearly) family-number conserving vector bosons. Note that in
both cases, Kaon limits impose that the coupling of the Z ′ to the fermions is scaled
precisely by the factor κ, thus trading lower Z ′ masses for suppressed production cross
sections, and narrower width.
In this context, for sufficiently small κ, Z ′ bosons become accessible at LHC, but we
must still consider if they will be produced in sufficient numbers. We also face some inter-
esting questions concerning the coherence (or lack thereof) of the various contributions,
and the nature (W ′3 −B′ or Z ′ − γ′) of the Kaluza-Klein modes.
At energies & MZ , it seems reasonable to use W
′
3 and B
′ rather than Z ′ and γ′, as
corrections to the masses due to gauge interaction are expected to overwhelm those due
to electroweak symmetry breaking. For all these ℓ = 1 bosons, the ratio width/mass at
71 TeV is of the order 10−3− 10−2. Indeed, from Eq. (5), neglecting the fermions masses,
we get:
ΓW ′
3
=
g2MW ′
3
48π
(AL +NCAQ) ,
ΓB′ =
g′2MB′
24π
(
2y2lAL + y
2
eAe +NC(2y
2
QAQ + y
2
uAu + y
2
dAd)
)
,
where NC = 3 is the number of colors, y are the weak hypercharges
9 and A =
∑3
i=1(E
1,0
ii )
2
for m = 0 bosons or A = (E1,112 )
2 + (E1,123 )
2 for m = 1 bosons. For m = 0 bosons we get
ΓW ′
3
= 2.67 TeV and ΓB′ = 1.33 TeV at 71 TeV; while for m = 1 bosons we have
ΓW ′
3
= 0.75 TeV and ΓB′ = 0.48 TeV
10. Note that at lower masses, the ratio Γ/M will
8For the sake of consistency, we will also try to take the ”quasi-unitarity” suppression discussed in
section 3 into account.
9We use the definition Q = T3 + Y .
10This corrects the smaller values erroneously mentioned in [14].
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even be reduced further (for m = 1 bosons, see below). It means that even with a small
separation of bothW ′3 and B
′ masses (due to running and/or EW symmetry breaking), we
could neglect interferences between the two channels to a good approximation. We have
thus in the following calculation usedW ′3 and B
′ and added the contributions incoherently.
In order to minimize the number of parameters we have however not taken into account
the mass difference of W ′3 and B
′ in the final result (while still insisting on the incoherent
sum)11. To simplify the calculation, we also use the narrow-width approximation for the
propagators.
The individual cross-sections will always be of the form:
σ ∼ C
MΓ
,
where M and Γ are the boson mass and width respectively, C is a numerical factor
that contains the coupling at the fourth power and depends only on M through parton
distribution functions (pdf)12.
In Section 3, we have computed this for m = 1 and m = 0 bosons and showed that
the first one clearly dominates. Now, we know that the coupling for m = 1 will scale
with the mass while the m = 0 coupling will only scale thanks to ”quasi-unitarity” at
the letpon vertex. Let us define parameters κ = M/(71 TeV) and δ which encodes the
unitarity reduction.
• For m = 1, Γ ∼ κ2M =M3/(71 TeV)2 and C ∼ κ4 =M4/(71 TeV)4, so we have:
σ ∼ 1
(71 TeV)2
The only change comes from the particle distribution functions (pdf).
• For m = 0, Γ ∼M and C ∼ δ2, so we have:
σ ∼
(
δ
κ
)2
1
(71 TeV)2
Here because of the mass reduction (encoded in κ for convenience), the cross-section
has the tendency to increase, but this is largely compensated by δ. As an example,
we have computed δ ≃ 2 · 10−3 at 1.5 TeV for a W ′3 exchange. For this mass,
κ ≃ 2 · 10−2. So we have indeed a suppression of the order 10−2 in addition to the
original suppression at 71 TeV (6). We can a fortiori neglect this contribution in a
very good approximation at lower masses.
11On the other hand, we have take the running of the EW coupling constants into account for the
widths and the cross-sections calculations.
12We use MSTW parton distribution functions [17] at leading order (we have checked that corrections
next to the leading order have negligible effect).
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Figure 1 shows our predictions for production cross-sections for µ+e− and µ−e+ at 13
TeV. The lines represent the upper bounds imposed by KL decay. As expected, the first
one is dominant.
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mZ′ [TeV]
pp→ Z ′1 → e−µ+
pp→ Z ′−1 → e+µ−
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Figure 1: Predicted cross sections (at LO) of µ+e− (full line) and µ−e+ (dashed line)
production at the LHC (13 TeV) versus the Z ′ boson mass; the lines represent the upper
bounds imposed by KL decay. The triangles give an estimation of the same production
through a ℓ = 1, m = 0 boson which is indeed suppressed by 4 or 5 orders of magnitude.
Is this the right Z’ boson ?
Assuming evidence for such a Z ′ boson, or rather for such a family of Z ′ bosons (carrying
family number −1, 0, and +1, like the 6D model predicts it), how can we be sure this
is indeed the manifestation of our 6D model and not a more banal heavy vector boson
introduced in a renormalizable 4D model ?
The answer is manifold. One of the simplest ways to distinguish the 2 situations is of
course in the case where we put our cut-off above the n-th recurrence, with n > 1; observ-
ing a similar family of neutral bosons, this time with family number (−2,−1,0,+1,+2) at
twice the mass would of course be convincing, but this assumes that such an energy can
be reached, which motivates us to look for further discriminations.
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The most important point is the gauge structure. For simplicity, let us discuss first
the ”B” mode (B refers to the gauge boson associated to U(1) in the SM, or rather
to the associated Kaluza-Klein tower). If we limit ourselves to the fundamental and
the first excitation, we get (B,B′−1, B
′
0, B
′
+1), where the indices refer to the amount of
family number carried by the particle. Since we are dealing with a U(1) structure, those
massive bosons (their mass is mainly due to the Kaluza-Klein tower) don’t have mutual
interactions.
This is to be contrasted with a ”horizontal” symmetry between families (notably in
4D). In such a symmetry, we can think of the families being a triplet of some ”horizontal”
SU(2)X , with an associated gauge triplet (X−1, X0, X+1) carrying family number. In this
case, the mass of the gauge triplet would come from some additional Brout-Englert-Higgs
mechanism (for instance an SU(2)X doublet scalar, which would behave as a singlet under
the SM groups). The scalar structure could then be seen, but more importantly, the gauge
bosonsX would interact among themselves according to the SU(2)X structure coefficients.
Of course, such an horizontal group has been considered many times in the past,
notably in the context of ”Extended Technicolor”, with a larger group, and in the hope
to feed the mass of the observed quarks from that of hypothetical ”Techni-quarks”. This
attempt mostly failed, for gauge bosons light enough to feed down the masses would have
implied unacceptable flavour changing neutral currents (FCNC). There is certainly no
objection to having an horizontal group with a sufficiently massive scale (if we introduce
it in an ad-hoc way), if we don’t task it with providing the fermion masses. Still in that
case, as mentioned above, its physical properties (and in particular self-interactions) differ
completely from the structure arising from our 6D model, where family number is simply
associated to rotation in the extra two dimensions.
The argument made here for the B′ holds of course for the other Kaluza-Klein excita-
tions. Namely, the (W ′i;−1,W
′
i;0,W
′
i;+1), which are the three ℓ = 1 excitations of the (Wi)
bosons, will have self interactions under the usual SU(2)L, which means the index i, but
NOT along their Kaluza-Klein numbers (ℓ = 1, m = −1, 0,+1).
5 Conclusions
In this note, we considered in some detail the possibility that the new physics behind the
Standard Model may give rise to new neutral gauge bosons whose coupling to fermions is
not flavour-diagonal. This is the case in a previously developed class of models with large
extra dimensions which successfully explains the hierarchies of masses and mixings of both
charged and neutral fermions of the Standard Model. We studied collider phenomenology
of these new bosons in various realizations of the model. We pointed out that there exists
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a nontrivial relation between the mass of the boson and its coupling to fermions, which
makes our predictions quite independent from a particular realization of the model. In
particular, the scale of the Kaluza-Klein modes, of which our Z ′ is a representative, is not
changed drastically depending on the localization scale of fermions.
In the simplest, spherical geometry, explored in detail, the limits from rare processes
push the Z ′ mass as high as MZ′ & 71 TeV. Even at the 100-TeV collider with the
luminosity of ∼ 10 ab−1, see Ref. [18], there is virtually no chance to discover the boson
in this particular realization of the model. However, as discussed before, Nature might
choose a different, yet unexplored way of compactification where the flavour-changing Z ′
may be within the reach of the LHC. This was considered, either of the result of a different
geometry (suppressing the overlaps), or in an effective approach, where an explicit cut-off
limits the effective Lagrangian to the lower Kaluza-Klein modes.
Taking the mixing into account, we obtained predictions for the cross sections of µ+e−
and µ−e+ production at the 13-TeV LHC in this latter scenario. As expected, a clear
signature of our model is the dominance of µ+e− by one order of magnitude. This version
of the model may thus be easily tested at the LHC Run 2.
We are of course well aware that the numerical treatment presented here is very
standard and lacks of accuracy for the purpose of a serious LHC study. Hence we plan
to provide more elaborated results in the future. However, we think that this specific
model deserves to be discussed at this level already for its original and generic features
that should not depend on the precision of the tools artillery involved.
As a last comment, let us add that the model predicts also Kaluza-Klein excitations
for gluons which would yield to considerably more events. Details of hadronization are
however not very well known, so we postpone any analysis of the jet production.
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